INTRODUCTION
Since the time of Guilliermond (1912) and before, the phylogeny of the ascosporogenous yeasts has been vigorously debated. Some have viewed the yeasts as primitive fungi while others perceived them to be reduced forms of more evolved taxa. Cain (1972) has been a proponent of this latter idea, arguing that hat(galeate)-spored genera such as Pichia and Cep1uJJoascus are likely to be reduced forms of the genus Cerawcystis. Redhead and Malloch (1977) and von Arx and van der Walt (1987) accepted this argument and comingled yeasts and mycelial taxa in their treatments of the Saccharomycerales (Endomycerales) and Ophiosromarales.
Measurements of nucleotide sequence divergence in ribosomal DNA (rDNA) or its transcript ribosomal RNA (rRNA) have provided a genetic means for estimating the phylogeny of the fungi. Comparisons of a limited number of taxa have indicated the ascosporogenous yeasts, with the exception of Schizosaccharomyces, to form a monophyletic group distinct from the filamentous fungi (Barns et al., 1991; Bruns et al., 1992; Hausner et al., 1992; Hendriks et al., 1992; Kunzman, 1993; Nishida and Sugiyama, 1993; Walker, 1985) . In the present study, we compared partial sequences of small and large subunit rRNAs from the type species of all known cultivatable ascosporogenous yeasts and yeast-like genera and demonstrated that all of these taxa are members of a monophyletic group separate from all the filamentous ascomycetes examined to date.
These data provide a broad outline of the phylogeny of the ascomycetous yeasts and allow COmment on the various proposals for their classification. 
MATERIALS AND METHODS

Source of Strains
The strains used in this study are listed in Table I , and they are maintained in the ARS Culture Collection (NRRL), National Center for Agricultural Utilization Research.
Isolation and Purification of rRNA
Cells were grown at 25°C in l00ml of YM liquid medium (Wickerham, 1951 ) on a rotary shaker at 200 rpm for c. 16 hr and harvested by centrifugation. Isolation and pu. rification of rRNA was as described by Kurtzman and Liu (1990) .
Sequencing Reactions and Sequence Comparisons
Sequencing of rRNA was accomplished with specific oligonucleotide primers and the dideoxynucleotide chain termination method (Lane et aI., 1985; Sanger et aI., 1977) .
Two regions were sequenced from the large (25S) subunit and one region from the small (18S) subunit (peterson and Kurtzman, 1991) . The large subunit primers and first bases of the rRNA sequences copied are:
5'-GGTCCGTGTITCAAGACGG(635) and 5'-TTGGAGACCTGCTGCGG(I841).
The smail subunit primer and first base of the rRNA sequence copied is: 5'· ACGGGCGGTGTGTAC(1627). Nucleotide numerical designations are referenced to the primary structure of Saccharomyces cerevisiae (Georgiev et aI., 1981; Mankin et aI., 1986; Rubtsov et aI., 1980) . For reference in the text, the regions sequenced are referred to as 25S-635, 25S-1841, and 18S-1627 , and the number of nucleotides examined per region were 371, 330, and 323, respectively. Primers were synthesized with an Applied Biosystems Model 381A DNA synthesizer. Nucleotide fragments generated in the chain termination reactions were separated on 8 % acrylamide-8M urea gels and visualized by autoradiography. The sequencing of region 25S-635 for the species Dekkera bnaellensis, Hanseniaspora valbyensis, and Sporopachydermia laclarivora was an exception to the foregoing protocol. For these species, sequences were obtained from polymerase chain reaction amplified rONA by standard methods as described by O'Donnell (1992) . Sequences were manually aIigned, and the sequence data were analyzed with the program PAUP, Version 3.0s (Swofford, 1991) . Bootstrap anaIysis of the data (100 replications) was performed using PAUP. Sequences have been deposited with GenBank.
RESULTS AND DISCUSSION
Results of our analysis of phylogenetic relationships among ascomycetous yeast genera are shown in Fig. 1 . Before these data are discussed, we need to consider the nucleotide variability found among strains of a species and among the species assigned to various representative genera. Comparisons of divergence in the highly variable large subunit region 255-635 (domain O 2 of Guadet et aI., 1989) for various heterothallic and homothallic ascomycetous yeasts have shown that strains of genetically defined species generally have less than 1 percent nucleotide divergence and that closely related species differ by 1-5 percent (Kurtzman and Liu, 1990; Kurtzman and Robnett, 1991; Liu and Kunzman, 1991; Mendon~-Hagler et aI., 1993; Peterson and Kurtzman, 1990, 1991) . Consequently, sequence differences in region 25S-635 offer reliable separation of nearly all yeast species. Extent of divergence among all known species from each of eight g=-era was aIso measured during the preceding studies. For region 255-635, species rt'" garded as congeneric showed 3-23 percent nucleotide divergence (Table 2 ). In part, this range of variation among species in different genera is a reflection of time elapsed since the species diverged but unequal rates of substitution may also account for some of the divergence because the percent substitutions between 25S-635 and the other two rRNA regions sequenced are not proportionally the same for all genera (Table 2) . FtgUre 1. A phylogenetic tree derived from maximum parsimony lIDll1ysis depicting ascomycetous yeasts, yeast-like fungi, Il1d various reference species. The phylogTam was calculated with the program PAUP, version 3.05, using the combined sma1I Il1d large subunit sequ=ces described in the text. Branch lengths are proponional to nucleotide differences and the marker bar represents a length of 50 nucleotide substitutions. Numbers given on branches are the percentages of frequencies with which a given branch appeared in 100 bootstrap replications. Branches without numbers had frequencies of less thIl1 5090. The branch supporting the yeast clade is shown as a broken line to denote the uncertainty of whether the yeasts or the other taxa are ancestral (see text for discussion).
Can genera be defined from rRNA/rDNA nucleotide similarity? When sequences from the preceding eight genera are aligned, species of each genus exhibit a pattern of common nucleotides that appear genus-specific. It is only in the genera Williopsis and Merschnikowia that several of the species are sufficiently divergent to partially mask the genus-specific patterns shown by the remainder of the species. Consequently, the range of sequence divergence (c. 3-20%) seen among species in the apparently well-defined g~discussed above should apply to other ascomycetous yeasts and can provide a prediction of whether the numerous monotypic genera included in this study are genetically separate or merely phenotypically distinct species of previously described genera. Such an assessment is necessary if families are to be defined. quently, these data suggest that the yeasts are monophyletic and that they are not derived forms from a variety of extant filamentous species.
The phylograrn in Fig. I excludes depiction of branching among taXa when bootstrap values for those branches are less than 50%. Phylogenetic signals would be strengthened with the analysis of longer sequences, but another factor impacting on res0-lution is the diversity of taxa in the present comparison. This diversity renders many phylogenetically informative nucleotides unrecognizable, but the eventual inclusion of all known species from each genus in the analysis should help resolve genus boundaries.
The nucleotide differences between closely related genera are given in Table 3 . On the basis of the comparisons presented in Table 2 , these data demonstrate the monotypic genus Wingea to be a synonym of the genus Debaryomyces. The major phenotypic~dif· ference between the two genera is found in the glabrous lenticular shape of ascospores produced by lY. robensii which contrasts with those of Debaryomyces species which ate spheroidal to ellipsoidal and roughened by circular protuberances and/or elongated ridges.
Additional close relationships are shown between lssarchenJdal Pichia. HomwasCllS/ Ambrosio;;yma, and Dipodascopsis/ Lipomyces. The taxonomic status of these latter genera will be reconsidered once sequences are available from all known species. Ashbya, Eremothecium, Holleya and Nemarospora comprise a small clade whose intergeneric distances are no greater than the distances found between species assigned to SaccharomyctJ and Lipomyces. All are plant pathogens, have similar elongated ascospores, and may represent members of a single genus.
Aside from the broad phylogenetic relationships discussed earlier and the closely,l ied genera noted in Table 3 , the present data are insufficiently robust to define familieS with certainty. The analysis, however, does allow comment on previous taxonomic l"! posals, which are primarily based on differences in ascospore shape and omarnenp resence or absence of hyphae and, for a few taxa, the occurrence of unique bip roperties. The proposals of Kreger-van Rij 0984) and von Arx and van der Walt (UQU are given in Table 4 . Traditionally, the fission yeast Schizosaccharomyces bas bec:D,1I" signed to either a separate family or subfamily of the Endomycero1es. The~phy.
netic distance of this genus from the budding yeasts (Kurtzman and Robnett, 1991) incdI its reassignment to a separate order, the SchizosaccharomycetaJes, as discussed bym an (1993). Our analysis supports the idea that the remaining ascomycetous yeasts arid, (Kunzman and Robnett, 1991) and for Pichia ohmeri (Wickerham and Burton, 1954) . Hat-shaped ascospores are produced by many yeast genera and by Cerarocystis (Fig. 1) . Most systems of classification include Merschnikowia in the same family as Ashbya because the dart-like ascospores of Merschnikowia were perceived as phylogenetically similar to the somewhat spindle-shaped ascospores formed by genera of the AshiJya clade. Our data show no close association between Merschnikowia and Ashbya. By contrast, the type of hyphal septum formed by mycelial species does seem to fall along phylogenetic lines (Fig. 1) . Some congruence is also noted between placement of genera in the phylogram and their major type of coenzyme Q. A significant exception in correlation is seen for the clade comprised of Ashbya (0.6), Eremolhecium (Q-7), Holleya (0.9), and Nemarospora (Q-5, Q-6).
The present study gives a general overview of generic relationships within the ascosporogenous yeasts. It is clear that additional less homoplasic data are needed if family assignments are to be resolved. In order for families to represent the natural history of the yeasts, such phylogenetically based taxa are likely to be variable in size. We might also expect that once the genetic basis of phenotypic characters is understood, they may better correlate with a molecular phylogeny than is now evident.
One additional issue that invites comment is whether or not the budding, ascosporogenous yeasts are ancestral to the filamentous ascomycetes and the basidiomycetes. The work of Bruns et al. (1992) and of Nishida and Sugiyama (1993) shows the basidiomycetes to be ancestral to the ascomycetes. Both groups of authors note, however, that this placement is statistically weak. The branching order of Filobasidiella neofomums and Schizosaccharomyces pombe is unresolved in the present study but both appear ancestral to the budding ascosporogenous yeasts when F. neofonnans is designated as the outgroup in the phylogenetic analysis. However, designation of Saccharomyces cerevisiae as outgroup results in the yeast clade becoming ancestral. Consequently, the branch supporting the yeast clade is represented by a broken line in the phylogram. In all analyses of our data, the yeast clade showed a bootstrap value of 100%. 
